Asymmetric creation of quaternary carbon centers is a matter of infinite importance in organic synthesis. 1) Nearly ten years ago, we reported highly enantioselective asymmetric nitroolefination through an addition elimination process to construct a chiral quaternary carbon at the a-position of d-lactones, 2) and the products were used as chiral building blocks for the total syntheses of optically active indole alkaloids 3,4) and diterpenoids. 5, 6) Recently the strategy was successfully applied to enantioselective synthesis of (Ϫ)-pseudophyrynaminol, 7) (ϩ)-esermethol, 8) and (Ϫ)-horsfiline. 9) In these studies we have employed zinc-and lithium enolates for asymmetric nitroolefination. Here, we describe nitroolefination of enol silyl ethers promoted by Lewis acids.
61%) with low ee of 4-22% (entries 2, 3, 5) . Use of Et 2 AlCl improved the enantioselectivity up to 50% ee, but diminished the yield (entries 3 vs. 4, 5 vs. 6) . Slow addition of 1 into a solution of 12 and Et 2 AlCl in CH 2 Cl 2 using a syringe pump improved the yield up to 73% without lowering the enantioselectivity (entry 7).
We also examined asymmetric nitroolefination of 5a and 6a ( Table 4 ). Reaction of 5a with chiral nitroenamine 10, 11, 12, or 13 8) in the presence of 0.1 mol eq of (iso-PrO) 2 TiBr 2 gave 8a in 65-93% yield with 38-60% ee (entries 1, 3, 5, 7) . Higher asymmetric induction was achieved by using Sm(OTf) 3 as a promoter (entries 2, 4, 6, 8) . The best result (66% yield, 75% ee) was obtained when 5a was treated with 12 in the presence of Sm(OTf) 3 (entry 6) . Similarly, asymmetric nitroolefination of 6a in the presence of (iso-PrO) 2 TiBr 2 proceeded in 51-73% ee (entries [9] [10] [11] [12] . Use of Sm(OTf) 3 has resulted in a decreased yield with similar enantioselectivity (entries 12 vs. 13).
In conclusion, we developed Lewis acid-promoted nitroolefination of enol silyl ethers. Catalytic amount of Sm(OTf) 3 or (iso-PrO) 2 TiBr 2 was effective for asymmetric nitroolefination of 5a and 6a with 12 to furnish 8a and 9a in 75% and 73% ee, respectively. TiCl 4 (0.05) 1 23
Experimental
Melting points were measured using a Yanagimoto micro point apparatus and were uncorrected. NMR spectra were obtained with a Varian Gemini 200 (200 MHz) spectrometer, chemical shifts being given in ppm units (tetramethylsilane or chloroform as internal standards, indicating 0 or 7.24, respectively). IR spectra were recorded with a JACSO FT/IR-300 spectrometer. Specific rotations were measured with a Horiba SEPA-200 automatic digital polarimeter. MS spectra were recorded with a JEOL JMS-DX300 mass spectrometer. TLC analyses and preparative TLC were performed on commercial glass plates bearing a 0.25-mm layer and a 0.5-mm layer of Merck Kieselgel 60 F 254 , respectively. Silica gel column chromatography was carried out with Wakogel C-200, Fuji Silysia BW-1277H, or Nacalai Tesque Silica gel 60 (150-325 mesh). THF, ether, and toluene were distilled over benzophenone ketyl before each use. Dichloromethane was distilled from calcium hydride. TMSCl was stirred over calcium chloride overnight and then distilled before use.
Determination of Enantiomeric Excess of 2 2b) HPLC conditions: Daicel Chiralpak AS, iso-PrOH, flow 0.1 ml/min, t R ϭ78, 87 min.
1,3-Dimethyl-2-(trimethylsilyloxy)pyrroline (5a), Typical Procedure for the Preparation of Enol Silyl Ether An LDA solution was prepared by adding a solution of n-BuLi in hexane (1.66 M, 39.5 ml, 66 mmol) to a solution of diisopropylamine (10.1 ml, 72 mmol) in dry THF (30 ml) at 0°C under argon atmosphere followed by stirring for 30 min at 0°C. A solution of 1,3-dimethyl-pyrrolidine-2-one (6.78 g, 60 mmol) in THF (18 ml) was added dropwise to the LDA solution at Ϫ78°C. After being stirred for 60 min at Ϫ78°C, the enolate solution was treated with TMSCl (10.0 ml, 90 mmol). The mixture was gradually warmed to ambient temperature during a period of 2 h. The resulting suspension was quickly filtered and the filtrate was concentrated, then ca. 20 ml of dry hexane was added and the mixture was filtered. The filtrate was concentrated in vacuo and the residue was distilled under reduced pressure to afford a mixture of 5a and 1,3-dimethylpyrrolidine-2-one (ratioϭ3 : 1, 4.10 g, 37% yield) as a colorless oil: bp 70°C (6.0 mmHg); 1 a) Reactions were run at Ϫ78°C for 20 min. The ratio of substrate to nitroenamine was 1.5 : 1. b) 0.1 mol eq of Lewis acid was used. c) Yield based on the nitroenamine employed. d) Ee was determined by HPLC analysis, see 8a and 9a in Experimental.
